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3 D I E S! Al § o^ ^ § XM g 9!j ^ Dje ^ XI OHU M541 §7062 
(74) Dl£iej OlSi!. §&^eJ. OlSHS 

^M/jy^ ■• £/g ; 

TazOs SSafo] ^CHilM XH^ <iHf TasOs SgSfM ?l& JUS gxH£l S§S §S 

& *l£l^(process chamber) LHOilAH oj A| W( in-si tu)S 4^ Slfe BIEXII 4:X^°^ 3ilI|)AIE|°J 

soil S5K)i 5hai§.k:^. g ^^soii COS 3imM& XII3E g^aoiiAife iJie^oii sh^ a^s 

cf. sh^ a^ ¥1011 TazOs^^s ss&a. 4faoii ahcxii D\Bm mx\m 4= sin xhs ^^xikhi 

°|5^0^ SE SlElfe ^aiOIXIB ^d|& XHEI^ LHOIIAH TazOsStS 2g ^¥i:?l5K)IIA1 TazOsSJ g§ 
SI SE Oim°l SE^ 0iyS5K)< TazOs^^m. ^Olg&a. xHdl^ LHOIIAH &^:?| Oiyg BJi\Si 

&JAms Ta20sa.^S TazOsSI ggSf SE OI4fS| gES ^X^£|5^01 TaA^tM SSSfAjgJD. 

TaA °aa| g^S ^§1 ^di! 3311 ^ ggsf &3II» |ys^fe Ql 2I0IAH £|nM E!2| feOIS ^§S^3^ 

u itHEi^ Li)°i ef§^s sashfe g^go^ ?iioifflsi se» <M^3h9ii egAi^jcf. 



£6a 



E IS e ^^S£l bHf2!§f ^AIOIIOII mm 5I1IHAIEI XIIS g^aOII k\mm ^ sit ^h:^ XH£I §x|2| 

m ^HSfSlos uEltil SB^aE(iBIBIr«i|®H)Om. 

E 2fe e ^^SOII Ifg ^ilWAIEI J||£ gfa(HI/H TazOgS^SI X^S Olfe! S§ S US gl|£| SSOIIAH 

21 ?IIOIffl SE SSJg U&tH ESOia. 

E 3S S ^^gOil dfg ^IBHAia X1IS gfaoil Sjgafe £|HM ffiSI ^01 esKHI [ag ?l|0|ffl°l SE a 

UEfyi naiHoia. 

E 4fe e ^^SOII HfS 9I1IIIAIEI XIIS g^aOil 3S!gE|fe »£l4i Ul£l gf^ SSfdl dfS ?IIOIffl2| SE S 

sf» UEitii zieHHoia. 

E 5a mxi E 5ffe S dh&S!§h ^AjOliOII mm B\mK\B «I5 gTSg ^SSPI 3aE#OI 

D. 

E 6a S £ 6bfe S ^^S2i ^^AIOIIOII (US gfgOII [0£f £|HM £121 ^01 OjgSKJl TazOsSIS 

XHS <^fSI Oiyi! g :2S ^»£l6f& gfSs ^S8h3| ?ieh ESSMA1. 2|2J aiHS 0O| gj s^ 

4^EH» UEfLHfe ESOICK 

E 7S S ^^S£| g^AIOllOII OS gfSOII ttl£f xH£l^ UI2| gfi^SJ OlgShd TazOsSIS XIS <i^ 

2f oiyi! SJ US ^xH£i5ife gfas ^ssf^i ?ig[ Esoia. 

E 8S s ^soii cue g^aoii °\om Hiss sinHAiasi a^i^j s^g ^^s!\ g^aoii siskm xii2s@ 
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12: X^^\^. 14: mmXW. 31: >^EilOIXL 75: BIHe 

100: ohSEjCil 110: 2^. 112: 

120: TazOs^l. 120a: TazOs ^£1^1. 124: 2^ 

126: ^?|:?| D[^, 130: 2^. 

e ^^Se CHlsai dt,J\9\ ^IIHAIEl HIS ^^^Oil 2^e!- 3°^. TagOg ^S^ig S&m^ ^IIH 

1 :?P^blM(Giga bit) 0I^^£| xUilQl I2^£ DRAMg ^HHAIEHHJ ^2^^^SAH H^SMg I^hXISAH 

^ 2^ XHS^ L^mO\ 2^ imh\3\^ 2101 DH^ gssfa. 

TasOs^'^ ^ CVD(Chemical Vapor Deposition) ^^S^^ ^e|aHI°l, :'^^^AH Ta(0C2H5)52l O2M AF 

gSPI ra^Oil TazOs^' UiOll C M^gOj ^OIAH 2^2J ^a. 5Et[, ^^1 ^ 

5) TaA^'B bl§^ (amorphous) &^EHOiA^ a^^OI U«i:;| tffl^OII OH^ BW, 6^^2F2| §if 

^01 ^^6hoi is£i:?i ^a. 

TasOs^'oiiAH^ ¥^ s^s mo\ii m^m e^^^ai3i:?i ?imoi. m^^^^ lazOs^^M ^ 

Oiy SSM SS^^^Mi TaA^' UIS| ^SS Mgmoi ^0| TagOs^^S ^OlSmJl, Zl S 
§0^/^ US ^xHdlM Ss^Ol TagOs^^g ^SSfAI^IH TagOsSt LHSJ M^MMM flIIHEh 

X-iS lii^sf Oiy SSOII HjHh TagOs^'^ ^OiilB O3 UV-O3M 0|g6K)1 lytha. orttH^i ^OIU 
CHI^hU^S aCK ^, 0^D\ UV£j SAfOjj £J 6K>1 OgSf B^XFei 0^ ^E.|£jll. Oi:?|AH 

&^»:?F TazOs^^ Ui^ S¥m01 Ta2| S^ii ^1,^ ?lxlOII ^ITSQ. UV-O3 Oiy g§S U¥ feS 
S^OIIAH lyms, O3 011 9\m: ^(Mg S3f^ ^^OfXi:;!. ^IlK)j| ^CHDOI ^IIS^CK O3 

UV-OgOil XHS Oiy TaaOs^^S xHeS^^ 3iIIH Aj Ei Oil AH 2^ ^H^iflAI 

3\iix\ 301°^, ^s*^ s^£i 2£oiiAH |yo^^ xoi dh^^eha. nam, laA^ 

720-C ^eollAH OI¥01X|^ a^E.:|X:l SiQ. CCF£hAH. TaA^^SI 

720r 01^^21 g£Oj|AH SSf^ 510! \^\^^t\Q . 

UV-OgOll Oiy SSe laaOs^ IStf B£ OI^^OilAH ISmS TagOs^'Sf 5h¥ AhOjOii 2f 

B 2ix^|6^:^ 03 oil 9\m no\^ m.^m ^lato^^ uv-OaOii sith cny ssb TagOs^ §§a B£ 01 

mollAi SoHXjO^ men, TazOs^^^ gSs^M ^xHdl SSS TaA^I Ol^^dlAI SoH 

S^^o) :)^«Ai 6! EH (resistance heater)S xH§H^ OHS^' ^OiOljAH^ ^X\9\ ^^01 

z^Bth S£ ^t::'^ 0H¥ i^acK ^s§h TazOs^'^ xie ^i^sf Oiy 5§ ^ us ^xh 
£1 g§e issh:?! ^moife 401 6IE^5J s^g tbsOs^^^ xhs <i^sf oiy ss^j ^§ oiim 

500"C OimSj ^Il§h ^. TagOs^'^ ^x-idjg ?|5F01 720*0 Ol^^o^ ^SA|3^0^ OjS 

s§e lyapi ?]aFoi 6Ie-]m xHgEh ohs^ ^tJis afssf^ s^oii^ s£ 

^ "C DH^ 6IEH2J S^T^hXI ^Oil£ 6IEi£i 

s}tS\D\D\X\ AieiOi CH ^QEh S^CK 

3011 [EFdK SEIi2j :^|^01IAH^ TasOs^^^J US 0]y S§S XiE^ aiEHS xHg§f DHS^ ^til 

OilAH ISmil. 3 3S ^xH£l SSS ffl U >i(furnace) ^EH2| SHIM 0lgm« H£f 

0! 02 Oiy ^^^o^ siysF^a. 

ngjQL sen :?i^oiiAHa aoi mu± sehsi soim oigmoj 3S ^xnai g§§ tssF^ g 

mU±L LHOIIAI TazOfiSI ^SSfOII ^fiS.^ AlZ^OI 30g-1AIZI §£ d^fi£l01. 3 S^OII ^ 

esfe S£ ^ S£ h\2}y)\j.\ ^^m^ lasOsR^ 3S ^x^^\ s§oi|o} e 4Aie^ oi^^oi ± 

HSIOi ¥&(thermal budget)OI ^XI3. S^OI ^S^^ ^ S.^ OFUdf :^^^^( throughput ) aSOilAH 
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g ^go| gen :ji^oii>m°j mmmm mmmnn mt: 5!°^. lazOsStsi no\^m mm us ^ 



Aoi =2Sig gs5f5i ?imoi. e a^soii ifg 31IIHAIEH HIS gfaoiiAHfe eisfli :>i&&^oii o^¥ s^e 

l^&Cf. ^?IOII TazOsStS g^^hCL ^►SOIl UISS IHxIlf 4= Sill JHtf 

mmm eiStOJ aSlSlfe ^^aiOIXia ?bl& XHSI^ UIOIIAI laAats £E SSHI'imOIIAI lazOs 
21 l§2f SE 0IS^2^ SE^ OjygoKJI fe^:)! lasOseiS ^CHU&a. ^f:)! XH£I^ moil AH 01 
B3(|2J eJA|#S ^Ol TazOseiS TaA^I S§SJ S£ 0|^^°^ SES ^HE|3hO) TaAeiM SS^AI 
ElCf. 

XHS Sfgaife ^31 ^Om 3511^9 401 SSSf BJIITJUI laASI 3§a SE 014^21 gEg S 

S a^SSI g gfEHOll OS 31IIHAIE) HIS ^^SOIIAH^ i^a\0\J.\ mOWM Efe SfSfg^MMI ^ 

I"! e^Efli >iaioixi£j°i Ahoisi :>iz\m ^mm =^ 2i= m^^si aH^ aoi ^xiaoi ai^ 

aei^M oim&cf. oj:jiai. no\^ e^EXii :?ieoi ^:>i >:aioixisvQ 7i£i 01 

^iElE^ BIHS E!0| ^:)| >iE||0|X|SVEH ^§ k0| B^M 6^EH0||Af SSm. 

401 e^Efll :?ieOI >iEII0IX|2} gslE^ 5!0I rfiBIOIXI ¥IS ^SSIXI 

as ^fEHoiiAi mmo. 

401 ^oii! &3iioiiA)aa ch ve^s e^ e^iioiiAisf ss!& ^^skmiai 

4= sicf. 

^^I^l ^011! Bfllfe O3 Efe UV-O3 g?i:7l5K)l|AH SsHl. ifef!?! B?llfe O2. N2O. N2. Ar Efe He£| 

SOig B3flCHlAHb eiE»l EEIJf SSO'C 0|8hS ^XISE^ S[D\ ±B\0\ 

x\ m^ ssafe ^^:>\ £IHE nio| ^o\m sss 4= 2ia. 

&^EJ^I 3ie0l 4.01 >iE||0|I|2f SSH2 Sl^ fe^EHOIIAH SSUl, WOIS gSsJ &3II0II 

AHaCf CH bE?S gf^OllAH S&Ch. 

01 DK, bhgf^SMIfe. ^OIS <BD\\^ 3 Ol5^°l g^S^ShOIIAH ^3H1. 5 ~ 

300 £ = 2| &^5K)||AI ^t.H:f. 

4fPI ^Oli! &3tlOIIAHfe &^:>l S^ESI :'l&2| SE^h 650X3 OlofS SXIEIE^ oPI ?|S^0^ ^Dl 
L412I gfi^S SSi^ 4^ SlCf. 

S ^►SOII TaaOs ^Sa^ ^011! S SSSf SShfe Ql SiOIAI £15= B 

°i feoia si5h>m xH£i^ LH2I s^si^ ^^a^^ ^ioitt{°j seb <y^5^7^l ^sais 4^ 9i 

Q. TazOsSISJ XHS Ojy g§ SI gxH£l g§M §^2} xH£)^ LHOIIAH ejAIW^ 

aisshHs. 3^IIHAlEl°l ^aB,^ ssoi B±5^:7^l an. laA ^a^i sgoiiAi gsj 

^S(thermal budget)S &HS^?^| 4^ S21S 4^ aia. 

a§oii. e fe^s2i H^fe^s!§^ ^Aioiioii [:Hs^o1 m^- ess sssjoi 4^A^lsl ^s&a. 

<iHfa,MTa20s2t)0ll Q^t^ <L^^ S?|:'I01IAH°I US: gxH£| g§S, 3 SOiXIfe &^:?| TazOsSI 

21 gSSfOII 2|Sf01 Ta20se|2| dS^S afSSf^ ^SMM S^^AI^ 4- 2iEHS. i!4-2!0S IH^IOf S[ 

t: ssoia. 

e a^SOII CC^M 9ilIHA|EH HIS g^aoilAHfe §}¥ 9\0\\ TajOsSfS ^, 2^ mmD\SlO\\M 

13205^^21 <i^4: gas M#api ?ieh xHg §s SI Ta205ef2i ggajs 2s mx^^^ smm 

m :>\^^ SIEHS XH§5^fe S4f2| OHS^ ^bl« AJgShOI ShU2J xH£|^(process chamber) UOIIAj S! 
AIW(in-situ)S S&Q. 

E IS s ^Aioiioii wts ^mME^ HIS gfgoiiAi TazOsBts oiy a! US §x^£l5^fe qi mb 

m ^ 91^ D\^Si D[± xH£l Sx|2| =?^m OIIAIg! 20ia. E lOIIAHfe E3 ±M ^aiMg 
^<!^2jAKTokyo Electron limited) Hlg2J CVD {JUICHI 5tf@ ^^S 5^SS^0^ EAI& 20ia. 

E 10IIAI. xH£l^(process chamber ) (12) 2j &^¥Ollfe rii§2j xH£| Di^m 40| xH£l^(12) LHOli ggsF:)! 

9I& :'hs g3¥(21)7^ dHxiaol sia. g3¥{2i)oiife 9iioiffl(vi()a CHSShfe neoii ^4=21 

a(2ia)oi ssaoi aiECM, o\mm ss^01 xHr; :)i::i:jf o^^H^ sssa. 

4f?l xH£l^(12)2| HVOIife bH:5l2t{22)01 g-^-.-^CH °i:2. Sg gH(23)0|| 2JoH xH£l^{12) UI¥M 4: 
§21 aSES ^IIAlii 4= SIP. 

E&. xH£l^(12)2| 3H¥0llfe &OI ?S^(21)2f WSgfE^ 91IOIS(13):Jf ^XiaOl SiP. 01 

^\\o\M^3)^ n mm ?ll0lIH(w):J^ iHxia^ ±.;ciaI{3i)» mmxM{32)m si^em. 4}?i 

¥ S!g»l{32) UlOllfe Dim 4=&eJ Hif ^'g; (resistance heating body)(14):'h ^xlSOi SIO. feh:?! 
US ^^§«|(14)fe &OI >iE)IO| XI (31)21 df£ 9IXIS0i SIQ. -fe-OI Hgf ^gX^|(14)0^lfe 2:H2| 3 
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B{^(^tmm(.^5a. 15b)0| §^£|CH 2^:2. Oia ^ai^dSa. 15b)g ^Ol iH£l^(12) 2I¥2J 
aS!¥(25)OII S^goi SlCt. 4.01 XHI} ^►gi)l(i4)0llfe S£ ^§g Mie?1M(therniocouple)(16)0| S 

saol sin, Mie9is(i6)s a^sj Jiio)¥(62)oii s^EicH aia. 

»£l^(12)2| 2]¥0||fe fe^I^I 51101^:^(13) LH^S :'hi:iS 538^1 9im MS^ 

S35t(43)3f. 4.01 3II0I>:(13) LH^^^EI S ^' :if^S UH:7IA|3|:7| bH:J|5}(44)0l 

^xiaoi 2ia. ^f:*! sss g3a(43)os¥Ei gggfe gs^ :3^>:0ll simo) ^f:)! 9iioi^(i3) 

m\±(^3)°i SSfll(32) yOllfe fef¥ SSfll(32)°l &^S2£VEI THSJJfXI ^So^E^ 

S(73)0| S^aOj SCrmg) £15^ SaiOl e{74)0|| USaol 3DW°i e!(75)0| 

>:E||0|XI(31)M¥Ei SEfe 8^i^^ 4= ?JE^ S(73) UlOil ^Sf fergJSOl 

Sia. feOI aine Mei|0|E(74)^ £|ne *(76)3 S3K)1 1)1^(77)011 ^130] 9iQ . 

£ 1£J xH£|^(12)2f ^^S OHg^^ ^blB OlgoK)4. ^Di xHe.|^(12) LHOilAH la^s^'Si 

gas sgsho) 30ii!o^9l ¥i§} us {^si ssa lazOgafsi ^x^^\ s§g 

ejAIW(in-situ)£ SShfe Ql 9lOiM. ^:)\ 3 g§, ^ ^CHS S§S TaA^'^J SS 01 

ShOIIAl S^Sm, ^xHdl 2 25} S§g ^lOlfflSI g£S §&! ^fEHOIIAH O3S M2i 

E 2fe TazOsaiOl ?l|0|ffl(HI CH8}01 S gfSOII xH£l^(12) L4I0IIAH TazOseiSJ 

^oiiis US i^m gs.sy Ta205Bfsi ?isf.}s US ^xidi g§m ejAiw^ lS5^fe ai 

SIOIA). XH£I^(12) mO||A|2| ti\S^§l ?r3li;| S£ SSfM UEJ-y! EaOID. 

^, :3iS2i x^s,^ :>\m^ sieisi se ssi es i^eisfoi &^:)| n& &gj|i(i4)2i ses 

^sfAI^PI A|^^ 4:EB UHS|8}9| ?|ofO=. t':'! Htf ^^g«l(14)°l SEfe TasOsa,^^! 

SE, oils »e 750-CS ^§6h0j D'i ,1 f?X|A|3i:n. XH£|^(12) UIOIIAI ?||0|1I1£| SEM 

US dim ggAioiife TazOsBtsi g§ii I = 01 sh^ ^xmoDi x^B <i^s^ gsoi gsa ^oiife 

2§sf SETJhXI <M^8f:HI ^SAI3^0t ^Q. 

e a^SOil ^gOIIAHfe ^^D\ XH£|^(12) LK'MI M ?IIO|IH°| SEM 6!^Sh:HI S3A|3|?| ?|6K)( 

£15= e!(75)°l feOIS SSShfe SS^f /i..|^(l2) LH2| 2t^m SSfAl^lfe g^gg CIS^Q. 

^ :»ni m^m 9\m mom^ se sr.; r-;5^s ateispi ?is}oi. ^^:)| us a^§xii(i4)°j se 

^§3J?ll ^XIAIgl ^^EHOIIAH, £|HM ;.5)2| ^01 i! X-i£|^(12) UiOIIAiSJ S 

soil ©£1 ^lOlfflSI SE 2,^21 t. 3 MMM E 3 S E 4011 UEfUiaa. 

E 3S £15^ ffioj feoi Ssfoii mm ^mmi ^e ^s}s UEfyi neH^oia. e 321 giin ^:)| % 

ShOI, XH£I^(12) U1¥S 1 ^£ISS(niT: r: JUgSS ^XlSm, ^^Iil H& a^^»l(14)°l SE* 

750-CS ^XIShSAH. £|ne e(75)S : : 01 XI (31 )£¥E^ 0 mm, 1 mm, 2 mm SI 3 mm SJ- 

e &^^Am ^^EHOIIAH £IHM E!(75)o£ ,,CU1IS XIXIiJ-°SM|. ^HOIfflDh ^EIIOIXI (31)S¥ 

EH >i£i oi^gE^ sfz. z. n°\ 2f2f°i ?(ioiiii se» ^ssiacf. e 321 §a 

OlIAIfe, £IHM 5!(75)2J feOI^I 1 mm feC^ H om ?IIOIffl2J SEfe 2f 5t; b^OtXIfe U 

EUdCI. 

E 4fe xH£l^ LHSi 2m eSfOII DJg ?||0im2| ^= g^sfB UEft!! ZlSHHOia. E 4°l ?l 
ShOI, Jim ^►^fll(14)°l SEfe 750''Cii. i ■?! AH . ^lOlffl:?} ¥||Olffl XIXia(31)2f 

EH01IAH xH£l^(12) USI Sf^S 1.0 ( ..-. jivaEH 30.0 M^jJUj eSfA|9ieAH ?||0|ffl°| SES 

^§S}aa. E 4°J 23fS¥EI, xH£|^ LH°i CI fe^0ha4=^ ^I0|IH2J SEIih fe^OhXIfe 21s 4^ 

E 3 Sy E 4°l 12f^¥EI, XH£I^ LJIOilAH J' ' «"^xll°| SEfe ^§8f?ll ^XIAI^J fe^EH0^|A^, £15^ 
E!£l MOIB il8ffe g^a Efe XH£I^ LHSJ = :: SSSffe aSS OjgShOl 6f:'l xH£|^ LHOIlAi ?il 
OlfflSJ SEM S§& ^ Sia^ 2!§ «}a!SJ7 

E 5a LHXI E 5ffe S ^^S£J dhfe^2|§h ^A! ', [[| g 511IHAIEI gfSg ^gSh^j ?|5K)f SS ^ 

A101I [Ef£} EAI& BSESOia. 

E 5ae SSShS, &E»| IliBdGO^OII 0!! ^ f \' ESS M£I^£I&ES OI^OIXI^ Sh¥ £!^(110) 

s §^&a. 

E 5bM SSohe, 3t¥ 2^(110)01 f'"li ?^3l§4fO||Aj ESS! Si SSg RTN(Rapld Thermal 

Nltrldation)oS e,' 15 ~ 20A ^WIS ': *,'clg §aQ^(112)g g^&Cf. 

E 5c LHXI E 5e^ TaA SaaK120a)S %<.'-•■= TiSS ^S8^:7| ¥|& &SE#OIP. 

^^3^a. e scoiiAisf g>oi ^:)\ ' 3' •i'sisi(ii2) ?ioii 1320531(120)^ as&a. 

Zl ^, E SdOII UEhy bh21 aOI oils 0, '3 r UV-Oaa SS 2^ :»!( 124)5^0||A^ JHS <i}Sf 01 

y SSOII 2|8f0( 40I TaAe|(120)S Ta 'I ?j§Sf SE 0|6h2| SES OiyHSfOl ^^Ul 
Ta20se|(120) Ul°l SUS eg&og,;i 1-0501(120)8 ^Oiil2[D. ^:)| XHS <i>Sf oiy S 

SS 4^B°£Ai XHS ^SMIg AhgeiJ' i:; .V£I*J UOII/d SSFdaP. 

01 §§M ?IS}04 E 101! EA|§h bh2f a-S > ■ c; 54^ 4= OC^IAH. XH& ^^a»i(14)2| S 

Efe TaaOsSI SSSI SE 0I&^ CHS S5i 7. , WXlSh ^^EHOIIAI E 6a0|| EAISh d^£^ ^01 ^:?| £| 
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C!(75)S ^Ol >:aiOIXI(31)S¥EI ±S Dii\{6). Otig 2 mm ^^A\^M 

:Jie(100)OI ri;aiO|XI(31)S¥E| 2 nun OR^EJ fe'EH^ EIH^ a{75) ?|0|| XIXIEIE^ . 

3 oi^a :>i£ioii sjskm ^oi eis-ii :'iPi(ioo)2i s^:>[ Jim ^^^fli(i4)2i ^§ s 

EDUI 2!0| 2iX||E|01. 4^1 SIEJl : E}(1CD)2| S£M TaA^ SSSf OI8FeJ 650*0 01 

^21 gES ^IIAI^ 4- 91Q. 01 (U). -: &(75)2| feOlM 5l5jO( gtESI :7|&(100)SJ 

S£» ^S8i ^mm ^ 9ia. &^:>l £ins a • )S ^^^ai^i ^^ehoiiai ^oi &[e«i :>i&(ioo)°i se 
:'^ 2^§^^£lfe se? afe e^sas ^oii OaS x^^l^(12) moii semoi xne oiy 

g mma. 

0\J\M. -feOI XH£I^(12)2| gf^g 300 OISIS ^?I|S^fe 3101 dhgf^jsm. XHg <i^a^ Oiy S 

E 5d°i <i^^^ oiy b?iioiiah, feoi yEi'- :7ie}(!00)2| sss asf^jo^ ^im:)! ?l5^o^ 

n!(75)g £ SaOII EAI& Uf2f £i( &feAIEJ ^►EHOIIAH ^►^l *|£|^(12) 14I°J 2mm 

OlOiAH, E SeOII U&y dhSJ ^01. zH£l^';^2) LHOIIAI X^B i^m OiU eiAIWS #131 

Ta20se|(120)S TaaOsSI §§Sf gE 0|&>°l « 1 ?-g£loh01 40| TaA2r(120)g §§aA|31A1 S!o^ 
TasOs ^ae,Ml20a)S S^a. 01 (EH, fe^I^I 7.. . S.^^ xll ( 14)21 SEfe OIDI TaASJ SSSf SE 0I&^ 
21 SE. Ollfi as 750t;S ^X|£|Oi Sl°ES. £15^ S!(75)a E 6b01l EAI& b^2^ ?|X| 

s U)£i:?ie} 40I evE»i :jie(ioo)2i ssr^ 1330521 ssa se oi#os s§» 4= sip. 

[i}£f/d, XHS 1i^s^ Oiy g§oi ssa:]^ bi^m e!(75)m lhbj/h ^ewi :?iE.Kioo)3f 
^Eiioixi(3i):7h asF^ii sosw 4.0. pr;. z/inidoojoi ses h» sgai(i4)2j^§ s 

Eei TaASI gE OI&^oS S&!Ct. v?, i 5o 4 J2S §«£! E 6bOII EAIth df2f ^01 

&}Eni :)i&(ioo)3f 4.^:71 i:iEiioiii(3')' ' ms. ms[ii ^^ehoiiah st^a. 4,01 eiEwi 

:3ie(100)2J SE3h Taz0s2| 2§Sf SE3JH! g ^Efe §2} Efe *OII "fEfll :?le(100)&^ 

(HI :)f>:(i26). otig #9 02. N20. rv. r. S3oha/d ^31 US mx^si ssa set 

a. 401 US §xH£i s§s 30£~5s . Lif s =^ s^:>|| 2g eet mma. oi oh. 4^:?i 

XH£I^(12) UI2I 300SS 0|5>^ PrXISI = 201 HUf^Sm. 

0):)|>M, XHS i^si oiy g§ us ssoii/h 4^:71 e^Ex^l :>ie(ioo)2i sem ch^ S3f 

2!°^ 5§8PI ?)Sh01. XHS ^L^£^ OI'J -3 US gSI£l SSAI2I gf^MCF CH 

TaAa^2i xHs li^s^ oiy s§ US i^'i^j ?§e sjAi^s S8^:7l mm am ssesai. e 

5d21 g§ S E 5e2| g§e xH £!*'(! LHOIAH 2JAIWS 2^2Sjog SliySfa, £IH^ 

a(75)S S 6hi^AI5lfe g^aS 01^ . ■.: a£l^(12) LH2J gfS^S SSfAIJIfe ^►gS 

o\sm ^'E siia. 

E 7S g}^2| asH OlSShfe ^^gif:: =11^ ESOICf. E 7e ^^SShS , E 6bOII EAISh dhSf 

^^01 ^^Di yExii :'i&(ioo)3} >iEi .irK ms. mm9J.^ 4^ehoiiah, 401 ntf ^^gfli(i4)2i 

SEfe Ta20s2J SE 0I4^°^ S.- fe'::"! xH£l^(12) LH2J "Smm XHS <:l^S^ B?llOIIAHfe 
3 0I8K dhgfS!8h3«fe 2MS 0|6f2| y ;i; Cl'-3(P,)o^ SXISfSAI 40| ES ^¥|:'l(124) SfOII 

>M US 6tSf oiy g§S S8fI2. fe^:*! 2' ^ eCf feS HI2 &^(p2)01IA1 E SeM S^8^0^ ^ 

Sit fe^S gfgos US gt1£l i;; ■ t-C^. 1112 g}^(P2)S 5~300£ = 2J g?1 UOIIAH 

S§8h^ 201 bH}3^8ha. Oia ^^01 S^': • i :lg8^fe g.^SOIIA^fe XHS <i^2^ BJIIOIIAI 4^?| ah 

EX1I 5ie(100)0l ^Ul >:EII0IXI(31)£f £ ! . C r. i':; X1I1 &^(P,)os b^:*!! &^0« 2|8hOI ^ 

:)| eiEXII 100)21 SEfe TaASI ^fJ-:- . 0\:,\S. ^X\m 4= SIC}. 

6f:3| TajOs Sae|(120a)0l SOIS ^. 3 ?' " Gir^l EAI& dF2f i^OI a^(130)M SSShOI 
IWAIEIg &^ifCf. 

E 8S s ^^soii as gfsoii 2|5^01 HIT- !'Ai-i£i geH2i g,^goii 2ishoi xiisa 

?1IIHA|E12f dIJSSfOI S:J^§^ nEHHOIQ. ^ • S ^gS}e, g m^0\\ OiE 511IHAIE1 fllS 

aoii [If£^ £iss fi!2j Moia ^sgsffe ■ r,,^o i,'oii wshoi x^s <i^sf oiy g§oii 2ieh ^oin 
^ 2S §xH£i ssoii 2i& ^mmm mt- ; . . ssh2j &ao«/H2f soi TaA°is ^hs <i^a 01 
yi!& ^ mu^ SEJ12J cfs sdis r : .ii'oi Oz oiy gf^^Es us §xH£| g§g mm 

S^(D )■ diath 20|Cf. 

cnD\M\. ^ m'sm mm m^s\ g^{A), j: i:?*! 21 sEfe 750'cs ^iiAisieAH, £1°^ gig ± 

aiOIXIS¥E1 2 mm ^^Ajgi 4EH0IIAH UV-C, P/.'Z^ tSHfo^AI TazOsafe XHS tiSi 01yl!5^01 

^OltlSHa. 0I01A1 £|HM as &S8I .' 'Al VOimSi :^a\0\X\Di S8HSl^ #EH01|A1 g¥i:»l D[ 

±S.M OiM A}g8h01 IIS §XH£I g§R : InM TaaOsSfS ^SSMfiCi. 

H Sa, E 801IAH m2im 4= Si^ bISf ? . • "? 1 CChS a^SeS SISS ?11IHAIE101IA1fe. ShU2| 

I1£l^ LHOIIAH B^m S§oS TaAS^F ■12-^ U10II ^dS SSfifAm 4=^ Sl^OIIE S 

^Sm. SBH2J gf^OII 218101 S01E! 5i '!- ' .: "Igf 4=S2| ^^01 SOISCf. 
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^AH XHS Ojy g§M I^E^a. TasOs'-^^ iTJf-fC-!! ^fie.^ gxHdl SSS dIHM a^i^A| 

34 ^loiiBia >iEllOlXl:?^ sohsa^ ^^ehoiiah >^/a x-ig >i^sf oiy sssf eiAiw^ sise^o. 
^ ^^goii a>e ^miAiEH ^^goii 9xt\^^ j^m "^"^msx lagOs^ is^f ^£ oi&^o^ ^§ 
^^EHoiiAi aiHM ^oi» ^^m::?iu x\z'u lh^ 2.^^s ^lah^ g^a^^ ^loiffl^j ^ta 

^oh:?il ^SAI^ ^ aia; 9E§[. TagOs^^SI J!/, t^tf Qjy g§ ^^Sj US ^xH£| g§e S^e[ 
LHOliAH oiAl^^ SIISmH^. gSH . M i.'9^ fflU^ SEHSi ^£2J Stilg MS^^ 

gQ:?^ Sl^CN, [Eh£UH SAie^M fi5^fe ER!. Oik' SSM ^^^^^ 4- SfD. 0[^e.^A^, ^ ^gOII [^s 
a, ^lIHAIEISi ^Sev g§0| xlll. TasOg ^Sl^^ gSOllAH ^^^(thermal 

budget )e ^H6HHI 4- ?^ <^ !?ir[. CEh£FAH. >i¥SO| g^^SHS & ^^SS "^t^ 

n. e A^^^£| moiiA-i . c^oiiAi -s^^2| woii simof Q^^^J\'k\ ^% 
s^s 1 

^:>\ ?ioii TaA^^e g^m^ . 

^^3011 ^OI XHxl^^ 4- ^12 ^ ^^^JJIOil 2jmoi S^ ^EilOIIlM ^\^\^ % 

x^al^ UiOiiAH ojyii Ef:^i£^ ^jaIm tbsOs^'M lagOs^ 2§sf S£ oi^^si g 
3 

Xil2&0ll SiOiAH. 

AhO|£| >1dlS ^^^^ 4^ ^4^^ : 4;Ai2l01 Sin. 

:^E||0|XI^¥Ei ^01 ^^^-i! •iO:iA{ t^^sni. 

^oi ^§sf ^y\^ ^:>\ ^^%\ :?i&oi ^ ''oix;?} S6^£^ diHM aoi ^^iEIioixi ?i 

S M^£]XI as ^^EHOIIAI S6h^ " - ?L^£X^I ^-k\S\ ^IIHAIEH XIIS 

4 

X-il3E^01l SiOjAH, i^OI ^OJS SI ?^ 9I ^'?i:CH|A^ ^^:^t US &^gxl|S| S£fe 7501C^ 5! 

e ^s^^ d^£x^l 4iXh£j ^HHAIL' ^^1. 
s^if 5 

xii3&oii 2^o^A^. ^oi^ e+:ni si e c^o oia^si g^^^moiiAH sm^ as ^s^s 

8^^ «^£X|| ^XhSi ^HHAIEH HIS 
3^9 6 

Xil3& LHXI X-1I5S^ 01!=: §^ S^Oll 2i01AH. f?0^ii B^llfe ^Ol ^Ss^ &:mOIIAHSa EH 

8K)llAi S8^^ ^S^S l^.. \ 5?ii:-'A|Ei xii^ g>^e. 

7 

X1I3& LHxi ni5§>^^ oiiiz i^oii Ai. iy ^ssf g^^^moiiA) 
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8 

mason 9io\M. ^om s^iife 03 ££fe i.'"-03 ^?i:?I5K)iiah ^s^s efsai 
ii?s^ 9 

flISSOII 9lOiM. ^:)\ S§a O2. N2O. r . Ar Efe He2| m^D\Bm\M 83}^ 3!^ ^S2S Sh 
S^S 10 

»I3S0)I SiOIAH, -feOI ^CHg B31IO||AHfe fe^:)! D\B9i ^^Di 650*C OlSh^ ^XIEIE^ SPI ¥| 
£1 ^IHHAIEI mi gfS. 

S^if 11 
Aia SIS g^a. 

12 

Aia HI5 gfg. 
13 

Iho| diWMEi SIS gfa. 
S?S 14 

ai13ifOII 910\M, ^Wg S 2§*! ':-}?1IOIIAH Us} 750"CS 

15 

HI13iK)ll 2101AH. ^(MU il 2STr 300 0I5^°I &^S|-OilAI ^Shfe 2^ 

S^S 16 

«|13if LHXI HI15i}g Oii= & ifOil 2^CHAH. SCHU 3 OlohSJ gfS^ShOIIAI fSShfe 513 

17 

H113S LHXI WI15tfg CH1= & tfCHI SIOIAH. ??g5h B31lfe 5 ~ 300 Mso| g^^SKMIAI SShfe 5! 

S o^fe ±Ji°\ ^illHAlEi 7i; :. 'ii'^. 

18 

miSSOII SIWAI, ^f:'! nO\m O3 ' '-03 S^PIShOIIA) SShfe 2S ^SSS Shfe 4: 

»°l ^illHAIEI HI5 gfS. 

S^S 19 

JII13SfOII 2101A1, 4^:7I MSSi O2. N.n. Ar Efe He2l ^^IIJIoKMIAH Sshfe 3!S ^SHS St 
S^S 20 

III13&0II SICHAH. ^CHU BJIIOIIAH^ f ' 'L'-^-.HI SSIih 650'C OI8t^ SXI£I£^ oPI ?l 

men xH£i^ LH°i gfs^m ^g5^^ . st^ ytai rtxhsi 3inHAiEi HIS sa. 

21 

JII13&0II SlOlAi, feOI ^CHi! 30£~r" S?i ISS^fe 31S ^S°S sffe 215X11 4iXt°J 9inHA| 

El 1112^ gfS. 

22 

flIia&OII SiOIA), §§Sf BlXIfe 30S:-' "^.21 fSSffe 5!^ ^S^S efEfll 4:»2| 91IIHAI 
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